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Dynamics of the diluted Ising antiferromagnet Fe0.31Zn0.69F2
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The diluted Ising antiferromagnet, Fe0.31Zn0.69F2, has been investigated by dynamic suscep-
tibility measurements in zero and and finite applied dc-fields. In zero field, there is a para- to
antiferromagnetic phase transition at TN ≈ 20.0K , followed by a dramatic slowing down of the
dynamics at low temperatures. The latter described by a pure Arrhenius law. The effect of a su-
perposed dc-field on the antiferromagnetic phase transition and on the low-temperature dynamics is
investigated, and a comprehensive static and dynamic phase diagram in the H −T plane is derived.
In agreement with earlier results on the same system, TN(H)follows a random-exchange Ising model
to random-field Ising model crossover scaling for fields H ≤1.5 T. A random-field induced glassy
dynamics appears for higher values of H, where the antiferromagnetic phase transition is destroyed.
The low-temperature dynamics shows striking similarities with the behavior observed in reentrant
antiferromagnets.
PACS numbers: 75.40.Gb 75.50.Lk
I. INTRODUCTION
The diluted Ising antiferromagnet FexZn1−xF2 in an
external magnetic field has proven to be a good model
system for the random-exchange Ising model (REIM)
(H ≈ 0) and the random field (RFIM) Ising model (H >
0)1,2. In the original derivation of the equivalence be-
tween the RFIM and a diluted Ising antiferromagnet in
a uniform applied field, weak dilution and small values
of H/J were assumed3 (J is the magnitude of the ex-
change interaction). In the FexZn1−xF2 system, weak
dilution implies Fe concentrations well above the percola-
tion threshold4 xp=0.25 and the most convincing experi-
mental results on the RFIM critical behaviour have been
obtained on samples with1,2 x ≥0.46. On the other hand,
interesting dynamic properties may become observable
in the limit of strong dilution. RFIM systems have been
argued to attain extremely long relaxation times at tem-
peratures near Tc
5 and for large values of H/J , where
the ordered phase is destroyed, it has been argued that a
glassy phase will appear, even without exchange frustra-
tion being present in the system6. Experimental results
on FexZn1−xF2 samples of concentration at or slightly
above xp have revealed some dynamic properties simi-
lar to those of conventional spin glasses7–10. In a re-
cent paper11 it was found that the percolating threshold
sample Fe0.25Zn0.75F2 exhibits magnetic ageing, a typi-
cal spin glass feature, whereas the slowing down of the
dynamics followed an Arrhenius law, i.e. it did not sup-
port the existence of a finite temperature spin glass phase
transition.
Results using neutron scattering12 and Faraday rota-
tion technique13 have established random-field induced
spin glass like dynamic behaviour in Fe0.31Zn0.69F2. Re-
cent magnetization experiments revealed that a simi-
lar behaviour occur at intense applied fields in sam-
ples of FexZn1−xF2, with x = 0.56 and 0.60
14. In
this paper we discuss experimental results from dc-
magnetisation and ac-susceptibility measurements on the
same Fe0.31Zn0.69F2 system of earlier neutron and Fara-
day rotation measurements. In zero applied field, a slow-
ing down of the dynamics occurs at low temperatures
that obeys a pure Arrhenius law and some slowing down
is also observable near the antiferromagnetic transition
temperature. In applied dc-fields, additional slow dy-
namical processes are introduced near TN by the ran-
dom fields. A comprehensive static and dynamic phase
diagram in the H − T plane is deduced that, in parts,
adequately compares with an earlier published phase di-
agram on the same compound13.
II. EXPERIMENTAL
A high quality single crystal12,13 of Fe0.31Zn0.69F2 in
the form of a parallelepiped with its longest axis aligned
with the crystalline c-axis was used as a sample. The
frequency dependence of the ac-susceptibility in zero ap-
plied dc-field was studied in a Cryogenic Ltd. S600X
SQUID-magnetometer. A commercial Lake Shore 7225
ac-susceptometer was employed for the ac-susceptibility
measurements in a superposed dc magnetic field and the
temperature dependence of the magnetisation in differ-
ent applied dc-fields was measured in a Quantum Design
MPMS5 SQUID-magnetometer. The magnetic field was
in all experiments applied parallel to the c-axis of the
sample.
III. RESULTS AND DISCUSSION
Fig. 1 shows the temperature dependence of both com-
ponents of the ac-susceptibility, (a) χ′(ω, T ) and (b)
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FIG. 1.
Temperature dependence of the ac-susceptibility at different
frequencies as indicated in the figures. The probing ac field
is 1 Oe. (a) χ′(ω) and (b) χ′′(ω).
χ′′(ω, T ). The different frequencies ranges from 0.051-
51 Hz as indicated in the figures. The transition from
a paramagnetic Curie-Weiss behaviour at high temper-
atures to long range antiferromagnetic order is signaled
by the cusp in χ′(ω, T ) at about 20 K. A small bump
in χ′′(ω, T ) is observed at about the same temperature.
Below 15 K the ac-susceptibility becomes frequency de-
pendent. The out-of-phase component increases and a
frequency dependent maximum that shifts towards lower
temperatures with decreasing frequency is observed be-
low T ≈ 5 K. The frequency dependence of χ′(ω, T ) and
χ′′(ω, T ) at low temperatures shows some resemblance
with the behaviour of an ordinary spin glass. How-
ever, earlier neutron scattering measurements indicated
that AF LRO is established below TN ≈ 19.8 K in this
system12, provided the sample is submitted to a slow
cooling process. To investigate the nature of the slowing
down of the dynamics at low temperatures, a compari-
son is made with the behavior observed in ordinary spin
glasses. A 3d spin glass exhibits conventional critical
slowing down of the dynamics15 according to:
τ
τ0
=
(
Tf − Tg
Tg
)
−zν
, (1)
where τ0 is the microscopic spin flip time of the order
10−13-10−14 s, Tg the spin glass temperature and zν a dy-
namical critical exponent. Defining the inflection point
in χ′′(ω, T ) as a measure of the freezing temperature Tf
for a relaxation
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FIG. 2. The best fit of the relaxation times to activated
dynamics: logt vs. T−1f , implying a pure Arrhenius behaviour
of the slowing down of the dynamics.
time (τ) corresponding to the observation time,
t ≈1/ω, of the ac-susceptibility measurement, the de-
rived data may be employed for dynamic scaling anal-
yses. The data do not fit conventional critical slowing
down according to eq. 1 with physically plausible values
of the parameters. Activated dynamics could govern the
dynamics still yielding a finite phase transition temper-
ature. The slowing down of the relaxation times should
then obey:
ln
(
τ
τ0
)
=
1
Tf
(
Tf − Tg
Tg
)
−ψν
, (2)
where ψν is a critical exponent16. The derived data
fits eq. 2 with Tg ≈ 0 which implies that the slowing
down rather is described by a generalized Arrhenius law:
log
(
τ
τ0
)
∝ T−xf . (3)
Fig. 2 shows the best fit to this expression yielding
x=1 and τ0=10
−14 s for 0.051 ≤ ω/2π(Hz) ≤ 1000.
The observed frequency dependent ac-susceptibility
shows striking similarities with the behaviour of alleged
reentrant antiferromagnets. In such a system there is
a transition from a paramagnetic phase to an antiferro-
magnetic phase and spin glass behaviour is observed at
low temperatures. The reentrant Ising antiferromagnet
Fe0.35Mn0.65TiO3 displays similar features as this sys-
tem, e.g. the low temperature slowing down of the dy-
namics is found to obey a pure Arrhenius behaviour17.
Furthermore, the more diluted system Fe0.25Zn0.75F2
(on the percolation threshold) does not display long range
antiferromagnetic order but it exhibits a slowing down
of the relaxation times that follows a pure Arrhenius
law11 with a similar value of τ0 as here derived for
Fe0.31Zn0.69F2.
In Fig. 3 (a) χ′(ω, T,H) and (b) χ′′(ω, T,H) are plot-
ted for ω/2π=125 Hz in different superposed dc magnetic
fields H ≤ 2 T. At these rather low fields, the maximum
in χ′(ω, T,H) near TN (H) gets rounded and is pushed
towards lower temperature with increasing magnitude of
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FIG. 3. (a) χ′(ω, T,H) and (b) χ′′(ω,T,H) at ω/2pi=125
Hz vs. T in different applied dc-fields: 0, 0.25, 0.5, 0.75, 1,
1.25, 1.5, 1.75 and 2 T. The inset in (b) shows χ′′(ω, T,H)
for dc-fields 0.25, 0.375, 0.5, 0.625 T. The amplitude of the
ac-field is 10 Oe.
the magnetic field. The corresponding bump in the
out-of-phase component in zero dc-field, increases in
magnitude and sharpens for increasing dc-fields up to
1 T (the inset of Fig. 3 (b) displays fields up to 0.625 T).
A measure of the phase transition temperature TN (H) is
given by the position of the maximum in the derivative
d(χ′T )/dT 18. For fields H ≤ 1.5 T, TN (H) is pushed
to lower temperatures with increasing field strength fol-
lowing a REIM to RFIM crossover scaling, as described
in ref. 13. At higher fields the maximum is washed
out which signals that the antiferromagnetic phase is de-
stroyed. The destruction of the antiferromagnetic phase
by strong random fields in FexZn1−xF2 was observed by
earlier Faraday rotation13 and neutron scattering12 mea-
surements in the same system (x = 0.31), and by recent
magnetization14 and dynamic susceptibility studies19 in
less diluted samples (x = 0.42, 0.56 and 0.60). A glassy
dynamics is found in the upper portion of the H − T
phase diagram of FexZn1−xF2, at least within the inter-
val 0.31 ≤x≤ 0.60.
In increasing applied dc-fields the out-of-phase compo-
nent is enhanced in a rather narrow but widening region
near the antiferromagnetic phase transition due to the in-
troduction of random fields that create new slow dynam-
ical processes in the system. The increase of χ′′(ω, T,H)
at lower temperatures, corresponding to the processes
causing the slowing down of the dynamics already in zero
field, remains observable also when the field is increased.
This latter feature cannot be entirely attributed
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FIG. 4. (a) χ′(ω, T,H) and (b) χ′′(ω,T,H) vs. T in
an applied dc-field H=1.5 T and at different frequencies
ω/2pi=15, 125 and 1000 Hz. The amplitude of the ac-field
is 10 Oe.
to random fields. For larger fields these low temper-
ature processes and the processes caused by the ran-
dom fields start to overlap, and at the highest dc-fields
they even become indistinguishable. In Fig. 4 both
components of the ac susceptibility are plotted, in an
applied dc-field H=1.5 T, for ω/2π=15, 125 and 1000
Hz. Note that the temperature of the maximum in
χ′(ω, T,H), at TN (H), shifts to lower temperatures as
the frequency decreases. By way of contrast, no shift in
the peak temperature is observable as a function of the
frequency in dynamic susceptibility measurements per-
formed in Fe0.46Zn0.54F2
20 and Fe0.42Zn0.58F2
19, within
the field limits of the weak RFIM problem in each case.
The frequency dependent behaviour of TN (H) is a fea-
ture associated with the effects of strong random fields in
samples of FexZn1−xF2, particularly with x close to xp.
In Fig. 5 (a) and (b) χ′(ω, T,H) and χ′′(ω, T,H)
are plotted for ω/2π=125 Hz in different superposed dc
magnetic fields H ≥2 T. The maximum in the in-phase-
component is flattend, the susceptibility is strongly sur-
pressed and the onset of the out-of-phase susceptibility is
shifted towards lower temperatures as the dc-field is in-
creased. No sign of a transition to an antiferromagnetic
phase is observed.
Fig. 6 shows the temperature dependence of the field
cooled (FC), MFC(T )/H , and zero field cooled (ZFC),
MZFC(T )/H , susceptibility
21 at three different applied
magnetic fields. Below a temperature Tir the magnetisa-
tion becomes irreversible. Tir decreases with increasing
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FIG. 5. (a) χ′(ω, T,H) and (b) χ′′(ω,T,H) at ω/2pi=125
Hz vs. T in different applied dc-fields: 2, 2.5, 3, 3.5, 4, 4.5
and 5 T. The amplitude of the ac-field is 10 Oe.
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FIG. 6. Temperature dependence of the dc-susceptibility
for zero-field-cooled (ZFC) and field-cooled (FC) procedures
in different fields, as indicated in the figure.
field. The irreversibility point is associated with an ob-
servation time mainly governed by the heating rate of the
ZFC experiment which in our experiment corresponds to
about 100 s.
In Fig. 7 an H − T magnetic phase diagram is shown,
in which some of the above discussed experimental char-
acteristics are summarised. The open circles represent
TN(H), the solid circles Tir(H), diamonds the spin freez-
ing temperatures Tf(H) for ω/2π=125 Hz and open tri-
angels label Tf (H=0) for different frequencies. The on-
set of χ′′(ω, T,H) at frequencies ω/2π=15, 125 and 1000
Hz are shown as solid triangels, solid squares and open
squares respectively. Those are measures that mirror the
observation time dependence of Tir.
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FIG. 7. H − T diagram of the Fe0.31Zn0.69F2 system.
TN(H) open circles, Tir(H) solid circles, onset of χ
′′(ω,T,H)
for ω/2pi=15 (solid triangels), 125 (solid squares) and 1000 Hz
(open squares), Tf (H , ω/2pi=125 Hz) diamonds and Tf (H=0)
triangels for different frequencies ω/2pi (from left to right):
0.051, 0.17, 0.51, 1.7, 5.1, 17, 51, 125 and 1000 Hz.
In diluted Ising antiferromagnets, TN is expected to
decrease with increasing magnetic fields as:
ǫ ∝ H2/φ ; ǫ =
(
TN(H)− TN (0) + bH
2
TN(0)
)
(4)
where φ is a crossover exponent and bH2 a small mean
field correction. For low fields, H ≤1.5 T, we find φ ≈1.4
using b=0 for TN (H) as indicated by the solid line in
Fig. 7. For higher fields, H ≥1.5 T, a reversal of the
curvature of Tir(H) occurs. The dashed line corresponds
to a functional behaviour according to eq. 4 with an ex-
ponenet φ ≈ 3.4. A largely equivalent phase diagram
has earlier been established for the same system utilising
Faraday rotation measurements13. One significant differ-
ence being that Tir(0) ≈ TN(0) in ref.
13, whereas we find
a significant difference between these two temperatures,
as is also observed in other dilute antiferromagnets22.
The field dependence of TN (H) is equivalent to those of
the more concentrated Fe0.46Zn0.54F2 and Fe0.72Zn0.28F2
where the scaling behaviour of eq. 4 gives φ ≈1.4 for
fields up to 2 T and 10 T respectively23. The new fea-
tures of the phase diagram in Fig. 7 as compared to
the one of ref.13 are the observation time dependent spin
freezing temperatures at low temperature and the obser-
vation time dependence of Tir(H) demonstrated by the
shifts of the Tir(H) contours towards higher tempera-
tures when decreasing the observation time. A possible
mechanism for the spin freezing at low temperatures may
be a weak frustration present in a third nearest neigh-
bour interaction of this compound. Results of numeri-
cal simulation24 indicates that a small frustrated bond
plays no role in the REIM properties of FexZn1−xF2 un-
der weak dilution. However, it causes dramatic influences
in the antiferromagnetic and spin glass order parameters
close to the percolation threshold.
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IV. CONCLUSIONS
Dynamic and static magnetic properties of the diluted
antiferromagnet Fe0.31Zn0.69F2 have been studied. The
dynamic susceptibility in zero dc-field shows similarities
to a reentrant Ising antiferromagnet with a slowing down
of the dynamics at low temperatures best described by
a pure Arrhenius law. Hence, there is no transition to a
spin glass phase at low temperatures.
The field dependence of the antiferromagnetic transi-
tion temperature follows the predicted scaling behaviour
for a random field system, in accord with earlier ex-
perimental findings13,23. The onset of χ′′(ω, T,H) oc-
cur above the antiferromagnetic phase transition, even
in zero applied magnetic field. χ′′(ω, T,H) shows a fre-
quency dependent behaviour that mirror the observation
time dependence of the FC-ZFC irreversibility line. The
dynamics of the diluted antiferromagnet Fe0.31Zn0.69F2
has been shown to involve not only random field induced
slow dynamics near TN (H), but additional slow dynam-
ics originating from the strong dilution appears at low
temperatures.
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